Abstract --Crystallographic texture and lattice spacings of bias sputtered CoCrTa/Cr and Co/Cr thin films have been studied by x-ray diffraction. While only an insignificant change in the Co lattice spacing for the Co/Cr films was observed as the substrate bias voltage was increased, the increase in the CoCrTa lattice spacing for the CoCrTa/Cr films was substantial. The CoCrTa films showed nearly unchanged lattice spacings after a vacuum annealing for film stress release. The lattice increase appeared to be linearly proportional to the Ta content (ranging up to about 7 % ) in the CoCrTa film. This implies that the Ta atoms tend to substitute randomly onto the hexagonal sites within the CoCrTa crystal grains, and that very little, if any of the Ta segregates to the grain boundaries.
I INTRODUCTION
The microstructure of sputtered films largely determines their magnetic and recording properties [ 1-31. Fundamental to realizing ultra-high density recording media is to achieve well isolated granular thin films [4] . Several investigations have shown that Cr segregates to the grain boundaries in sputtered CoCr-based alloy films E5-61. The CoCrTa alloy has proven to be a particularly popular medium as recording studies indicate a very low recording noise. The question then naturally arises as to whether or not Cr or Ta segregates to the grain boundaries in this medium to provide grain isolation.
Recently, we have found that RF substrate bias can significantly change the composition of sputtered CoCrTa films, and that the magnetic properties of such films can be correlated with their composition [7] . In this paper, we report on our x-ray diffraction studies of the structural characteristics of the CoCfla films as well as pure Co films prepared under the identical sputtering conditions. The focus here is on the crystallographic texture of the films and the change in lattice spacings as bias voltage is used. This provides indirect evidence as to whether phase segregation occurs at the grain boundaries in these films.
I1 EXPERIMENTAL PROCEDURE
Films were prepared by RF diode sputtering in a Leybold- Magnetic films (300 A thick) were sputtered subsequently at various RF substrate bias voltages (0 to -300 V) either from the pure Co or from the Co alloys targets. The film growth rate decreased monotonically from 120 &min to 30 h i n as the substrate bias voltage was increased from 0 V to -300 V [7] . The sputtering time was varied in order to obtain the Same film thickness. The crystal structure of the films was studied by x-ray diffraction using Cu Ka radiation. The magnetic and compositional properties of the films prepared been reported in Ref. [7] .
Vacuum annealing to release the film stress was perfarmed by using a heater in a 1x104 Torr vacuum. The sample was heated from mom temp" up to 300 O C in 30 minutes, and then held at 300 "C for an hour. The power was then switched off and the sample cooled bgck to room temperature within about 3 hours. from the cW2.8cr14.6Ta2.6 and co86crl2Ta2 tatgets have
I11 RESULTS AND DISCUSSIONS
Figs. 1 and 2 show the x-ray diffraction spectra of the films prepared from the Cog2.8Cr14.6Ta2.6 and the Co targets, respectively. Due to the Ar bombardment, a single, and strong (110) In order to confirm that the film residual stress causes only small changes in the CoCrTa spacings, vacuum annealing as described in the earlier section was performed.
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The annealing temperature and time used here were lower and shorter than those used in Ref. [lo] ; therefore, it could be expected that the annealing only released the film residual stress without causing a microstructural change as observed by Duan et al. [lo] . We found that the lattice spacings for both the Co and the CoCrTa films remained nearly the same before and after the annealing, indicating that the film stress indeed caused only a small i nin the CoCrTa d-Vcing. The dependence of the hcp C m a lattice constants "a" and "c" on the Ta content calculated from the data in Fig. 4 is shown in Fig. 5 . We can see that both "a" and "c" also increase linearly with increasing Ta content. Their increasing rates, Le., the slopes, from fitting the data are The vertical size of each data point represents the measurement error of the lattice constants.
Bias sputtered Cr underlayers on glass show a strong (110) texture. The subsequently big-sputtenx-co alloy films have two dominant textures, (101 1) and (1010). Due to the substrate bias, the lattice spacing of the Co alloy increases. The increase in the d-spacing due to the change in the film composition is more significant than that caused by the film stress and Ar entrapment. Our data show unambiguously that the CoCrTa lattice spacing increases linearly with increasing Ta content (0 to 7 at. %) in the film. This suggests that the Ta atoms randomly substitute on the atomic sites within the CoCrTa grains and hence, very little, if any of the Ta segregates to we grain boundaries.
